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INTRODUCTION
In the past a constant pressure has been exerted upon 
big game winter ranges by carrying too many animals for the 
amount of available feed# As a consequence the ranges in 
general have deteriorated. While measures have been under­
taken to reduce the population, heavy use of the range still 
persists and undesirable utilisation of many forage species 
continues#
The elk populations of the Northern Rocky Mountain 
region are in many instances too large for their supply of 
feed during the winter# Their winter ranges have been over- 
grazed to the point that these ranges no longer produce the 
quality of forage they are éapable of producing# The more 
preferred browse species are either dead or are so over­
utilized that they produce little available feed# This feed 
is generally utilized long before the completion of the win­
ter season# The grass supply usually found on the winter 
ranges is relatively unavailable# Over-use and snow cover 
usually restrict the role these feeds can play in carrying 
the animals through the adverse winter conditions#
Elk tend to adapt themselves to adverse conditions quite 
rapidly as indicated by their wide selection of forage species# 
IVhen the more palatable species are inadequate in supply, con­
siderable use is made of less preferred feed# The conifers 
usually found in large quantities on their winter ranges can
-1-
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potentially make up a large share of this emergency feed.
Field observations indicate that these animals may utilize 
large quantities of Douglas fir (Pseudotsuga menzesii) and 
lodgepole pine (Pinus contorta) on some of the winter ranges. 
The evidence being mainly in the browse line that is so con­
spicuous on some of these conifers on the over-stocked winter­
ing areas. The problem of conifer utilization is so acute 
on some areas that certain age groups of conifer have been 
nearly eliminated.
The heavy use of conifers raises the question of whether 
these low preference feeds are capable of meeting the nutrit­
ional requirements of the wintering animals. It is during 
this time of the year that the aninals should have feed with 
a fair nutritional value in order to cope with the existing 
conditions. The pregnant females are involved in a situation 
that not only requires feed nutritionally sufficient to carry 
them through the winter, but also to leave them in a condition 
strong enough to bear and care for their calves.
The low preference rating frequently given Douglas fir 
and lodgepole pine arouses interest as to whether these feeds 
adequately provide the required nutritional constituents. 
Information concerning the nutritional values of the two 
conifers is lacking. The object of this study is to gather 
data on the food consumption, weight response and calving 
success of elk fed diets containing varying amounts of Douglas 
fir and lodgepole pine under controlled conditions during 
the winter.
LH^RivTUM ïiKvm:
Ghemloal Analysis
Nutritional values of wildlife foods are not easily 
determined, evaluation through chemical analysis, while 
relatively simple, may not always fully indicate the food's 
nutritional value to the species which utilizes it, Jelberg 
(1956) claims that if and when chemical analyses are used 
they have to be interpreted with care. Smith, et. al. (1956) 
report that studies complétée thus far yield contradictory 
results. They say, in their review of past studies, that 
Jwift concluded the teclmiciue highly valid when he based his 
tests on sheep. Sowden and Delong, in the some report by 
Smith, et. al. (1956) report lignin analyses of feed are in* 
applicable as long as young plant tissues are bronen down in 
the digestive tract. Duliivan is quoted by la 1th, et. al. 
(1956) as concluding that lignin in the feces was liore vul­
nerable to attack by strong acids and weak alkalis than was 
the lignin in the feed being tested. Smith, et* al. (1956) 
conclude from tneir study with permed mule deer that a chem- 
analysis cannot be applied if lignin is used as an index, 
because the chemist is unable to make a separation of the 
lignin from otner fractions in the feed*
feeding experiments
The great number of domestic livestock feeding exper* 
ments that have been conducted la enough .evidence to indicate 
its acceptance as a means to determine feed values. The
—5—
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moceptano* of this method into the wildlife field has been 
slow, mainly because of the cost (Atwood, 194&) and the 
difficulties encountered when working with a wild species 
under penned conditions# Consequently, controlled studies 
of this nature on elk are few, and those that do exist are 
usually of limited experimental design.
Olsen (194$), Blunt (1931), Hungerford (1952), Murie 
(1951), and Oeis (1954) report on consumptions of hay, bunch** 
grass and deciduous browse species by elk. Except for Gels 
(1934), none give any information on the reactions of elk to 
coniferous feeds* Gels (1954) reports he subjected two 
animals to a bunchgrass-conifer diet, but the animals refused 
to eat the coniferous browse.
Field Observations on Conifer Consumption
Wintering elk populations evidently do make use of the 
conifers on their ranges. Ratcliff (1941) reports a definite 
browse line on the coniferous species in the Rooky Mountain 
National Park winter range. Grimm (1939) noticed the animals 
taking notable amounts of Douglas fir in his Northern Yellow­
stone winter range studies. Gaffney (1941) in his studies 
on elk browsing in the South Fork of Flathead River of Montana 
suggests that the palatabillty of ponderosa pine (Pinus 
ponderosa) and Douglas fir are about the same. He claims 
that more use is made of lodgepole pine because of its growth 
pattern. McCulloeh (1955) in his big game winter range stud­
ies on the upper Selway of the Bitterroot National Forest
-5-
notloed the lower portions of the crowns of Douglas fir and 
ponderosa pine highllned. Stomach samples of Roosevelt elk 
taken by Schwarts and Mitchell (1945) illustrate the amount 
of conifer taken by these animals* The entire stomach con­
tents weighed from 44 to 71 pounds* When the contents were 
identified, 27% of the material was made up of conifer browse. 
Western hemlock (Teuga heterophvlla) made up 13.1% of the total 
coniferous browse, Sitka spruce (Plcea sltchensis) 7.3%, and 
Douglas fir and red cedar (Thuia nllcata) each made up 3.4%.
The Influence of Temperatures on Food Consumption
Temperature, one is led to believe, should in some 
degree control the appetite mechanism of animals exposed to 
the rigors of winter* Theoretically speaking, when the 
environmental or outdoor temperature goes down, the body in 
turn needs more internal heat to keep it warm. The body heat 
coming from food oxidation should stimulate the appetite and 
increase the feed consumption during the duration of the cold 
period*
The view points and experimental results on this subject 
appear to differ. Brody (1945) reports on some experimental 
work on dairy cattle performed by Dice* He reports that the 
cattle wintered outdoors (9*̂  to 27®F*) produced as well as 
when conventionally housed, and the feed cost of maintenance 
was not increased by the lower outdoor temperature. Hogan, 
et. al. (1922) in their studies on steer maintenance, report
-6-
feed requirements were slightly higher during the winter, as 
compared to the summer months* Worstell and Brody (1953) 
report that declining temperatures to near 0®F* had no appre­
ciable effect on milk production and feed intake on the high 
producing large Holstein cows; but it Increased greatly the 
heat production and feed consumption in the low-producing 
small Brahman cows, and to a less extent in the high-producing 
small Jersey cows* Hagskale, et* al, (1950) found with 
declining temperature, from 50® down to #®F*, all the daiÈy 
stock Involved in their experiment with the exception of one 
Holstein, increased hay consumption 40 to 80 per cent above 
the initial 50®F* level* They also got a sudden drop in 
feed consumption with increasing temperatures from 8® to 
500p.
These conflicting results were explained by Brody (1945):
"Animals wintering outdoors respond to approaching 
cold weather by developing highly insulating coats 
of hair and subcutaneous fat* By driving the blood 
from the surface on declining temperature, the blood 
is kept from cooling and the skin becomes highly non- 
conductive to heat* Moreover, incidental to their 
productive or even maintenance processes, farm 
animals consume large quantities of feed associated 
with high heat production, thus keeping the animal 
warm in cold weather, and making it unnecessary for 
the body to increase the oxidation of its tissues 
for maintaining normal body temperatures."
The yfect of Conifer Foods on Domestic Livestock
Cattlemen and experimental workers report coniferous 
consumption may have an adverse effect upon domestic cattle. 
Gaffney (1941) questioned the effect produced by abnormally
-7-
Xarge coniferous diets when eaten by elk on their winter 
ranges* He reported Dayton as stating, "the terpenes and 
other oleo-resins of conifers are apt to have an irritant 
effect, and considerable number of eases of scours and abort­
ions have been attributed to them in domestic cattle*"
Pammel (1911) also calims conifers may produce harmful effects 
to the animal eating them. MacDonald (1952) proved ponderosa 
pine to cause abortion and the birth of weak calves* One 
group of animals consuming better than six pounds of pine 
needles per day produced one normal calf out of six. The 
control group which were denied the pine needles and fed 
rations of hay produced four healthy calves out of four 
pregnant cows. Nicholson (1953) in his studies on beef 
cattle found ponderosa pine to abort or produce calves that 
later died because of too early delivery. But he did not 
find lodgepole pine to have any affect on the production of 
calves by beef cattle* The calves were normal from the 
lodgepole pine diets, but nine calves from the ponderosa 
pine diet were either still born or died later and three 
appeared to be normal. The controls which were kept on 
diets lacking either of the conifers produced healthy and 
normal calves*
METHODS AND PHQCEEPgRE
The study pens are located on the Blackfoot-Clearwater 
Game Range in Western Montana• This range is noted for the 
number of elk that winter on the area, and was originally 
purchased for the purpose of preserving some of the natural 
elk winter range.
These pens have been employed in previous years to con­
duct three other controlled elk feeding studies. The studies 
included feeds found on the elk winter range.
D a
The permanent pens have been constructed near a small 
creek which flows most of the time and supplies the drinking 
water. The pens are not near any of the surrounding high­
ways, which makes for a minimum of disturbance of the exper­
imental animals.
The pens were built in 1951, starting out with four pens 
during the first year of study. In 1952 the number of pens 
was increased. At present there are eight 16 x BO feet study 
pens (Plate I), one large holding pen and another smaller 
holding pen that is used as a study pen when the number of 
animals permit. The pens are eight feet high and made of 
four to six inch poles.
Last year a roofed shelter was added to the rear of the 
pens and supplied with a sawdust bedding to minimize the danger
-B-
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of foot~rot, which had caused a great deal of trouble in 
previous years# A piece of canvas was hung immediately in 
front of each shelter to keep the animals from seeing the 
activity inside and around the pens. The suspended canvas 
also prevented the animals from banging into the end of the 
pen if they were surprised or frightened#
The nine pens are arranged so that the animals can be 
maneuvered to any desired part of the physical plant# A 
lane, approximately six feet wide and leading to all the 
pens allowed for good control of the animals when they were 
moved# The cut-off gates located inside the lane limited 
the animal** movements and running distance#
The weighing facilities are located at the far end of 
the lane, and is accessible from all the pens# Part of the 
weight scales, along with the holding box, are located inside 
the lane (Plate II)# The animal is run into the scale box 
and weighed by the scale operator who is located inside the 
storage shed adjacent to the run-way. This type of set-up 
keeps the animal from seeing the scale operator and becoming 
more excited#
The hay was stored inside the building# All browse 
species were stored under a roofed shelter, which kept the 
snow off these feeds (Plate II)« At times there was not 
enough storage space for all the cut browse and It was cov­
ered with a water-proof canvas#
Facing 10
Plate II - The lane leading to the scale with the weigh­
ing box in the background.
The browse storage facility. The deciduous 
browse is at left end and the coniferous 
browse is at right end of the shelter.
-10-
Facing 11
Plate 111 - Lodgepole pine in the browse rack. Condit­
ion of the browse after being exposed to the 
animals for 24 hours.
The hay bunk and shelter.
-11-
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The two types of experimental feeds were presented in 
different ways. The deeiduous and coniferous browse were 
presented from a specially constructed browse rack (Plate III), 
and the loose hay from a trough-like feed bunk (Plate III).
The browse racks were the same as those used during 
the previous studies. They were made of four inch poles 
fastened to the sides of the pens. The bundles of browse 
are wedged butt first between the two poles, exposing and 
projecting the terminal growth toward the center of the pen. 
Presenting the browse in this manner provided for maximum 
availability, and approached a degree of naturalness. The 
browse racks were roofed to keep the snow and rain from fall­
ing on the feed* The roof also kept the browse broken during 
feeding from being covered by the snow. The breakage was 
picked up and weighed with all the remaining feed for that 
day.
The hay bunks were located at the close end of the pen 
and opposite the animal shelter* This permitted the less 
palatable feed, centrally located, in the browse racks to 
be exposed to the animals before they had an opportunity to 
select the more palatable hay. The bunks were large enough 
to hold 2$ pounds of hay without too much crowding* The 
bottoms of the feed bunks were rounded and made of galvanized 
steel, eliminating any sharp edges which could cause some 
damage to the animals* mouths.
Facing 13
Plate IV The 14 quart watering pan in which the animals 
were given their dally ration of water.
Plate V • The maximum and minimum temperatures were 
recorded dally from these two thermometers 
located at the center of the pen area.
-13-
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The watering facilities in each of the pens consisted 
of a 14 quart flat pan (Plate IV), which was filled each 
morning. All of the water was carried with a bucket from a 
near-by stream,
Pl*t8
The experimental diets for the study contained meadow 
hay, two species of conifer browse, made up of Douglas fir 
and lodgepole pine, and the two species of deciduous browse 
were willow and serviceberry. The conifer browse species 
were fed in access so that the animals could obtain their 
entire daily ration from any one species if they desired.
The diets were made up of the following proportions:
1, One hundred percent meadow hay,
2, Sixty-six percent meadow hay and lodgepole pine,
3» Sixty-six percent meadow hay and Douglas fir,
4* Thirty-three percent meadow hay and lodgepole pine,
5* Thirty-three percent meadow hay and Douglas fir,
6, One hundred percent lodgepole pine,
7, One hundred percent Douglas fir.
8, Fifty percent lodgepole pine and fifty percent 
Douglas fir,
9, One hundred percent deciduous browse made up of 
willow and serviceberry.
The Procurement of the Experimental Animals
The experimental animals were secured from the Yellow­
stone National Park, They were part of the herd removed to 
alleviate the pressure on the limited winter range.
•15*
Th# animale were trapped by baiting a large circular 
trap with hay and concentrates* After the animals were 
inside the trap, the gate was closed and locked. They 
were then loaded into a large stock truck and transported 
to a handling pen near the study pens. They were aged, 
ear-tagged, eexed and externally checked for physical sound­
ness. If the animal was a female, between the age of three 
and seven, did not show excessive wear of the teethuor no 
ill effects from the shipping, it qualified as an experimental 
animal. All of the age determinations were made by the method 
described by Murie (1951)•
The first group of animals arrived at the pens in two 
truck loads on December 9th, and the second group in one 
truck load five days later. The early arrival of winter 
aided in securing the experimental animals at an early date.
The Procurement of the Peed
The feeds, except the deciduous browse, ware cut on or 
adjacent to the game range. The deciduous species growing 
on the game range were available only in limited quantities, 
and this browse was secured from an area wintering few animals. 
Most of the browse was cut on week-ends by student labor.
After it was cut and tied in small bundles, it was hauled to 
the road, piled up, and covered with heavy paper to protect 
it from the falling snow. The following Monday it was leaded 
in a truck and hauled to the browse storage shed.
*16~
All of the coniferous browse was cut from the lower 
branches of the tree. The branches were cut in three and 
five foot lengthsI and bound in bundles with heavy cord 
about one foot from the butt end. The bundles of browse 
were handled and utilised best when they contained approx­
imately six branches. The deciduous browse was handled in 
much the same way the conifer browse was handled^ but con­
tained more branches per bundle.
The meadow hay used in the study was cut during the 
summer months on the meadows of the elk winter range. It 
consisted of a mixture of redtop, timothy, sedges, quack 
grass and alsike clover. All of the hay was in very good 
condition. It was baled and stored in a shed.
The Standards of Measurements
Animal adjustment - The experimental animals went through an 
adjustment period before the feeding trials were Initiated, 
During the adjustment period a record of feed intake was raain- 
tained# A diet of meadow hay was fed libitum giving the 
animals a chance to eat as much feed as they desired. If an 
animal refused to eat or ate small amounts of feed, she was 
released from the study. The feeding trials began when all 
the animals were each consuming approximately 2,0 pounds of 
meadow hay daily per one hundred pounds of body weight.
Animal response - Every two weeks the animals were driven 
individually into the scale box and weighed. Before any
-17-
welghing was done, the scale was balanced and checked for 
accuracy by weighing items of known weights. Also, after 
each pair of animals were weighed, the scale holding-box 
was cleaned and the scale balanced again. The periodical 
weight check was used to measure the animales response to 
her diet.
Air-drying the feeds - In order to compare the feed intake 
by the animals on a moisture equivalent basis, It was neces­
sary to determine the moisture content of the feeds. Conse­
quently, the weights of all the feeds consumed are expressed 
in terms of air-dry weights.
The meadow hay, which received excellent care and stor­
age, was considered air-dry upon its presentation to the 
animals. Several periodic sample weight checks showed the 
weight of the sample did not fluctuate.
The problem of expressing the weights of the browse 
species, both deciduous and coniferous, on an air-dry- 
weight basis was complicated by the fact that on some days 
the feed had varying amounts of ice or surface moisture as 
well as the natural physiological moisture of the plant 
material.
Each day a sample branch of each browse snecies, both 
incoming and out-going feed, was selected at random and its 
moisture content determined. After the feeding was completed 
these branches were brought into the heated living Quarters,
one at a time, and weighed to nearest tenth of a gram. The 
weights were recorded for each species and the branches hung 
along the heated room's wall for one hour. They were weighed 
again and the percent of surface moisture determined. The 
samples from the in~coming feed were also used to determine 
the internal moisture clipping that portion of the branch 
usually eaten by the animals in their everyday feeding. The 
clipped portion from each species was put into separately 
dated paper bags, weighed and placed on a shelf near the 
ceiling to dry. They were left there for three days, weighed 
again and put into the hay storage shed. This permitted all 
tha samples of feed to stabilise in the same atmosphere. 
Thereafter, a periodical weight check was taken to see if the 
weight had stabilized. When the feid sample did not gain or 
lose any weight from the last weight check, it was considered 
to be in an air-dried condition. The samples were then put 
into a larger sack for later chemical analyses of the feeds.
Weather measurements - The only weather recording instruments 
utilized for the study were a maximum and minimum thermometer 
(Plate V), These instruments were set inside a slatted box 
located in the center of the pen area. The high and low tem­
peratures for the preceeding 24 hours were recorded at nine 
o'clock each morning, and the thermometers reset.
Chemical content of the feeds - A sample of each species of 
feed was gathered each day and placed in a large sack. The 
browse species were clipped in the same proportion they were
- 19-
utilized in the daily feeding of the animals. After the 
feeding trials were completed each sample was thoroughly mixed, 
cut into small units, mixed again, and a sample sent to the 
Agricultural Experiment Station in Bozeman, Montana.
Li&nin content of the feces - Feces samples were collected 
from each diet twice a week. The samples were placed in jars 
and stored until the completion of the study. The samples 
were then put into one group and thoroughly mixed. A sample 
was selected, ground into small particles and sent to the 
Agricultural Experiment Station along with the feed samples.
A portion of the feces sample was retained and lignin values 
obtained by the writer. These tests were carried out in 
accordance with the method described by Ellis, Matron and 
Maynard (1946). See appendix for the details of the method.
The relative digestibility of the feeds - The following 
formula was used to obtain the relative digestibility of 
the feeds:
of^a*Pa.d * 100 - 100 x % nonllg. In feces  % lig. in feces % nonllg. in feed
Mixed diets - The animals on the mixed diets of meadow hay 
and conifer were presented with limited amounts of meadow 
hay and unlimited amounts of conifer. The amount of meadow 
hay given to the animals was based on the winter maintenance 
requirements of the animals. The maintenance requirements 
were obtained from the results of the previous studies
Table 1* Chmlcal analysis of forage species used in 195& elk nut­
rition study. Tests run by the Agricultural Experiment 
Station, Bozeman, Montana.
Feed
Sample
Ss
s
0•He4»O
6
ut9 C6x: u IIO  Ct4
— m—  
2
1O
s
§44Or4eo
i1 5g
% % % % % % ui/g #
Meadow Hay 6.3 6.3 2.0 27.7 6.7 .16 .59 7 11.0
willow 6.1 4.6 7.3 34.0 3.4 .12 2.60 2 26.6
Serviceberry 6.3 4.7 4.2 25.4 2.3 .10 4*03 2 22.1
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mentioned earlier* This was found to be 2.2 pounds of dry 
food material per 100 pounds of body weight. An example to 
illustrate the calculations: Following the adjustment period, 
two cows, who were to receive 33% meadow hay and lodgepole 
pine, totaled a weight of 1000 pounds. They were given 7.3 
pounds of meadow hay and unlimited amounts of lodgepole pine 
during the entire length of the study*
Tt̂ e Adjustment Period
Animal adjustment to the pen environment is very import­
ant in this type of study* The time it takes to adjust varies 
with each individual animal, but the earlier the animals can 
be introduced to the pens, the better the chance of a longer 
and more successful feeding trial*
Immediately after the animals arrived at the pens, they 
were kept together in a group of four or six. They were fed 
meadow hay without keeping an exact record of consumption, 
and observed closely for any signs of rapid loss in condition. 
After the animals calmed down somewhat, the feed was weighed 
and the consumption recorded* The animals that appeared to 
be losing weight were watched to see if they came to the feed 
bunks to eat their feed. Those animals refusing to eat were 
released from the study.
It was felt at the beginning of the study that the ani­
mals would not respond satisfactorily to the low quality diets 
of conifer* Consequently, several methods of introducing the
* 22—
diets were studied* The most suitable method arrived at was 
to Introduce the conifers gradually. This involved starting 
the animal on meadow hay equal to a full maintenance diet 
and reducing the hay gradually over a period of ten days, 
but meanwhile Increasing the conifers until the animal was 
whélly on its prescribed diet. This ten day period was also 
used as a precaution in case the ani lal might need a build­
up of the necessary stomach fauna to help digest the less 
preferred feeds*
In order to use the best adjusted animals for the lower 
quality diets, the food consumption during the adjustment 
period was studied and the animals with the highest feed 
intake were used for the 100>» conifer diets. It was assumed 
that those animals with a high feed intake were the animals 
capable of adjusting readily to environmental changes and 
therefor the ones most reliable for feeding experiments.
The Feeding Schedule and Method of Feeding
The feed was replaced each day. It was weighed and 
replaced each morning as early as possible, usually being 
completed by 10 a*m. After the feeding, the activity around 
the pens was kept at a minimum.
The feed replacement schedule was begun by checking the 
weight of the two feed carrying containers. The two Hansen 
dairy scales were set at zero with the container suspended 
from them. The actual weight of the feed could then be read
Facing 23
Plate VI - The out-*going left-over feed being weighed 
and the weight recorded* The in-coming 
feed is piled and made ready for weighing*
Plate VII - The animals browsing on Douglas fir.
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dlrectly from the scale, which weighed in tenths of a pound. 
One of the scales was used in the hay storage shed to weigh 
all the incoming hay and the other was suspended in the lane 
where the out-going feed* and incoming browse was weighed 
{Plate VI). Both scales were checked to determine uniform­
ity of weighing feeds.
The proceedure each day was, first, to remove, weigh 
and record all the left-over feed. The browse breakage which 
occurred to a certain degree every day, was included in the 
weight of the left-over feed. A branch, used to determine 
the surface water, was selected at random for each species 
of out-going feed. The branch was placed along aide the 
living quarters where it remained until completion of the 
feeding.
Immediately following the removal of all the left-over 
feed, the new browse was weighed, recorded and put into the 
browse racks. A branch of each species of feed from the 
bound bundles was retained to determine the surface and 
internal water and later used in the chemical analysis of the 
feeds. Next, the meadow hay was proportioned in accordance 
with the prescribed amounts called for in each of the diets, 
and put into the feed bunks. Frequently, the conifer browse 
was fed upon before the ration of hay was fed, and supplying 
the hay last gave the animals a chance to satisfy part of 
their appetite upon the less palatable feed. The hay was 
placed in the previously described feed bunks, and broken-up
Facing 25
Plata VIII - An animal in the scale weighing box,
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from itft compact bale form. Breaking and loosening the hay 
in this manner eliminated most of the scattering caused by 
the animals.
Watering the animals was the last chore done in the 
morning feeding schedule. All of the water was carried to 
the pens in buckets and presented to the animals in a 14 
quart flat pan.
Presentation of Feeds on a Free-Choice Basis
After most of the animals had been on their diets for 
37 days, it was decided to place all the animals on all the 
feeds for the remaining twelve days. They were given all 
the meadow hay they desired to eat, plus the two conifers and 
two deciduous species of browse. Intake records of each 
feed were kept for this period, but none of the animals were 
weighed during or after this 12 day period.
Method of Determining Calvin# Success
Immediately following the controlled feeding, all the 
animals were moved from the experimental feeding pens to the 
large holding pen. They were kept there until two weeks past 
the calving peak*
A large self-feeder was used to feed them all the meadow 
hay they cared to eat. The feeder was large enough to hold 
a sufficient amount of hay to last one week. The animals 
also had access to a good supply of water, in that a lane 
was built leading from the large holding pen to the fresh
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water in the creek adjacent to the pens. The animals had 
access to one of the smaller pens, which they could use when 
they became excited or disturbed. This pen was completely 
draped with canvas, keeping the animals from seeing the activ­
ity around the pens.
During the later part of May, the animals had access to 
all the study pens. They were free to use these pens for 
their calving. The pens, thereafter, were examined every 
second day for calves, and when a calf was found, it was 
ear-tagged, sexed and a record made of its date of birth.
An attempt was made to match the calves with their mothers, 
but proved unsuccessful since the adults did not claim or 
show any signs of ownership when anyone was around the pens.
Originally, it was planned to kill those animals that 
did not calf, and analyze their ovaries to see whether the 
diets were responsible for failure to reproduce. Three cows 
had failed to produce a calf by June 15, giving cause for a 
closer examination. Individually, all the animals were run 
into the scale box and their udders examined. The examina­
tion showed nine animals had dropped their calves, two animals 
showed dry but enlarged udders, and one cow did not show any 
of the above signs. It was assumed that the two animals with 
the enlarged udders would soon drop their calves. It was 
also decided unnecessary to make the planned ovary examination. 
The failure may have been due to a cause other than the diets.
FORAQS CONSUMPTION AND ANIMAL RESPONSE
All the feed consumed was recorded on an air-dry weight 
basis* Samples of the feeds were clipped from the browse 
branches in the same proportion they were browsed daily by 
the animals* Because of the varying moisture contents of the 
feeds, the consumption rates between species can be compared 
better on this basis.
Results with 1006 Meadow Hay
The 1006 meadow hay diet, consisting largely of timothy, 
redtop, sedges and alsike clover, was fed to two animals when 
the study began, but one of the animals became infected with 
foot-rot and was released from the study. The nature and dis­
position of the remaining animal differed from any of the 
other animals in the study, She was very aggressive and bold. 
When the feeders entered the pen, she would come out from 
behind the suspended canvas and observe their every action, 
and as a feeder would turn to walk out of the pen, she imme­
diately chased after him.
The food consumption by this animal for 42 days averaged 
2,40 pounds per hundredweight per day. With the exception 
of the last two weeks, she gained weight throughout the study. 
During the first four weeks she gained 14,0 pounds, but lost 
eight pounds the last two weeks, which resulted in a six 
pound gain for the entire study period. See table 2 for a 
detailed tabulation of this data.
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Figure 1 - Daily feed intake during free-choice of feeds 
period expressed in pounds of air dry feed per hundredweight. 
Previous diet indicated above each graph.
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Her average dally consumption per hundredweight during 
the 12 day free-choiee-of-feed period are as follows; meadow 
hay, 2.02 pounds; lodgepole pine, .10 of a pound, and a trace 
of willow, serviceberry and Douglas fir. See figure 1 for 
details of feed intake during this period.
A close udder examination showed that this animal had 
a wet udder from her suckling calf.
Results with Serviceberry and Willow
This diet was fed to two animals when the study got under* 
way, but one of the animals bruised its nose and was moved to 
a 66ÿ meadow hay and Douglas fir diet.
The remaining animal became disturbed very easily, and 
would never come out to feed while someone was near her pen. 
She drank water only occasionally at the beginning, but to­
ward the end of the study her water consumption was increased.
This animal was kept on this diet for 26 days, averag­
ing 1.69 pounds of feed per day per hundredweight and lost 
56 pounds or 12^ of her body weight. See table 2 for a 
detailed tabulation of this data.
Willow appeared to be the preferred browse. The consump­
tion of willow was by far greater than that of serviceberry.
An attempt was made to present the two deciduous species in 
equal amounts, but when willow was presented in smaller 
quantities the animal intensified her browsing of the willow,
-31-
while the serviceberry appeared to be browsed only slightly 
heavier*
The feces produced by this diet oossessed a very charac­
teristic color. In comparison with the feces from other diets 
it was very much lighter in color, appearing to be a tan or 
light brown.
Immediately following the 100$ deciduous diet, the animal 
was put on a diet containing all the experimental feeds for a 
12 day period. During this free-choice-of-feed period she 
ate the following amounts per day per hundredweight : meadow 
hay, 2,0$ pounds; lodgepole pine, .2$ of a pound; Douglas fir, 
,1$ of a pound, and a trace of both deciduous browse species. 
The total consumption for both deciduous browse species 
amounted to .8 of a pound. See figure 1 for details of feed 
intake during this period.
This animal did not have a calf when she was released 
from the pens, but when her udder was checked it showed a 
definite enlargement.
Results with 33$ Meadow Hay and Lodgepole Pine
The two animals on this diet were excellent experimental 
animals. They were not very excitable, handled easily during 
weighing and responded very well to their diets, which was 
indicated by the high daily consumption rate.
They averaged 2.$5 pounds of feed daily per hundredweight
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p . p  
OH PL CD •
If
P o\
£eg
4 <<!
First 10 Days
Next 14 Days
Next 14 Days
First I.O Days
Next li, Days
Next 2Jl Days
Next 11. Days
Next lü. Days
First 14 Days
Next 14 Days
First 10 Days
1
à
%
H'
+
&
t
à
à
Average Daily Pounds of Dry Food 
Material Consumed Per 100 Pounds 
of Body Weight* Weight Gain or 
Loss Inserted at the Top of Bar.
I
o <
l-j <D 4
|_ i JU
O M  V  CD
CO
cr,(D
Î
§
I
(S’
IHj(DCD
P';0
1
■§
pj
' â
Hj
O • CD
&
oHi
cr
t
'•B §
SS
OtHg o
00 OQ • <D
gp.y ®
I#
îx»
®
o
JÜ (_J
TO OogT*
First 10 Days
Next 14 Days
Next 14 Days
First
Next 14 Days
Next 1
Next 14 Days
Next 1,4. Days
10 Days
4 Days
First 10 Days
O
k
I
&
I
I
rS
4
à
Temperature 
Feed Intake
o
6.-4-
Lodgepole
Pine
33̂  
Meadow Hay
February31 120 January 27
ra
k
3
<D & '
E-i I
§
dQ
Figure 3a - The relationship between average daily feed intake and daily mean temperatures
•35-
duriag the 37 days they were on the diet. Except for the 
last two weeks, these two animals gained weight throughout 
the study* They lost a total combined weight of 11 pounds.
See table 2 for a detailed tabulation of this data.
They did very well considering the amount of hay fed to 
them* They received only 3#2 pounds of meadow hay per animal 
per day for the entire period. The average total dally 
Intake per animal amounted to 11.05 pounds of which lodgepole 
pine made up 7.85 pounds.
The feeding nature of these two animals differed from 
any of the other animals in the study. After the hay was 
placed In the feed bunks, both of the animals would run up 
to the bunks, take a mouthful of hay, run out to the middle 
of the pen and eat what they had in their mouths. This process 
was repeated until the entire 6.4 pounds of hay was consumed. 
The consumption rate of the lodgepole pine was almost always 
at a high level. The water Intake for these two animals 
was very low at the beginning, but toward the end of the 
study It was increased.
The average daily consumption per hundredweight for 
the 12 days of a free-cholce-of-feeds was as follows: meadow 
hay, 2.2$ pounds; willow, .29 of a pound ; Douglas fir, .30 
of a pound, and a trace of serviceberry and lodgepole pine.
See figure 1 for details of feed intake during this period.
The high rate of lodgepole pine consumption did not have
—36"
any adverse effect on the animals' ability to produce calves. 
When the adders of both animals were examined closely, they 
both showed signs of being suckled.
Results with 33^ Meadow Ray and Douglas Fir
Two animals were originally started on this diet, but 
one of the animals contracted foot-rot and was removed from 
the study.
The adjustment to the penned environment was made quite 
rapidly by the remaining animal. She handled easily and 
never became very excited while being weighed.
This animal ate 1.79 pounds of feed daily per hundred­
weight and lost 11 pounds during the 37 days. She responded 
quite well to the diet despite the small amount of hay given 
to her daily. During the first weighing, this animal showed 
a gain of four pounds and thereafter lost weight. She lost 
eight pounds during the next two weeks and seven oounds the 
last two weeks of the study. See table 2 for a detailed 
tabulation of this data.
While she was on the 12 day free-choice-of-feed, she 
ate 2.11 pounds of meadow hay; .24 of a pound of willow;
.09 of a pound of Douglas fir, and a trace of both lodgepole 
pine and serviceberry per hundredweight per day. See figure 
1 for details of feed Intake during this period.
The diet did not have any apparent adverse effect on the
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animales reproductive powers. A close examination of the 
udder showed she was nursing a calf.
Results with 66% Meadow Hay and Lodgepole Pine
There were two animals on this diet for 37 days. The 
daily average consumption was 2.09 pounds per hundredweight, 
and they lost a total of pound in body weight. Because of a 
shortage of experimental animals, a cow about one and one- 
half years old was included in this diet. The younger cow 
lost three pounds and the older, bigger cow gained two pounds 
during the study* See table 2 for a detailed tabulation of 
this data.
At the beginning of the study the older animal was very 
aggressive and showed some dominance over the younger cow*
When the animals were feeding, she would drive the younger 
cow away from the hay bunk by striking at her with her front 
feet. After a short time, they became accustomed to each 
other and were quite compatible.
These two animals were never observed to eat all their 
hay during the morning feeding. There was always some hay 
remaining in the bunk when it was checked in the mid-afternoon. 
Most of the lodgepole pine browsing must have taken place 
during the night, because they were never seen browsing during 
the day. The water consumption by these two animals was 
very good throughout the study.
During the free-choice-of-feed period, they consumed
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dally 2.14 pounds of meadow hay and a trace of all the other 
feeds per hundredweight. See figure 1 for details of feed 
intake during this period.
This diet did not have any adverse effects upon the older 
animal's ability to produce a calf. The young cow, as indi­
cated before, was assumed too young to be bred the proceeding 
fall and no calving signs were shown by this cow.
Results with 66% Meadow Hay and Douglas Fir
There was some trouble encountered in getting this diet 
and the 100% deciduous diet started. Injuries and failure to 
adjust satisfactorily to the pens delayed the start and short* 
ened the trial to 2Ô days.
The single animal on this diet had been previously on a 
100% deciduous diet for 10 days and lost 32 pounds. She was 
moved to this diet, because the bridge of her nose was skin­
ned and the deciduous branches constantly irritated the open 
sore.
This animal consumed more feed per hundredweight than 
any other animal in the study. Her average daily consumption 
was 2.97 pounds of feed per hundredweight. She gained 1$ 
pounds of weight, but previous to coming on this diet had 
lost 32 pounds on a willow-serviceberry diet. See table 2 
for a detailed tabulation of this data. Her water consump­
tion was irregular. On some days she would drink almost the 
entire amount, and on other days it was left to freeze.
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It was very difficult to move this animal out of the 
pen during weighing time. She was very stubborn and provided 
quite a problem at every weighing interval.
During the free-choice-of-feed period, she ate 2.13 
pounds of meadow hay; .40 of a pound of lodgepole pine and 
a trace of willow, serviceberry and Douglas fir per hundred­
weight per day. See figure 1 for details of feed intake 
during this period.
It was possible to match the calf with this cow, because 
they were seen together immediately following the birth of 
the calf. The birth took place in the same pen in which her 
feeding trials were conducted.
Results with lOOÿ Lodgepole Pine
The two animals on this diet were selected because of 
their high consumption rate during the adjustment period.
The palatability and nutritive quality of this feed was con­
sidered to be low before the study began. Consequently, it 
was thought wise to use the best adapted animals for this 
diet.
The animals* daily consumption averaged 1.52 pounds of 
feed per hundredweight during the 37 days. The weight loss 
by both of the animals was considered to be quite high. One 
of the animals lost 103 pounds and the other lost 113 pounds. 
See table 2 for a detailed tabulation of this data. The 
animal that lost 113 pounds of body weight appeared to be in
Facing 43
Plate IX - Two different degrees of use in lodgepole 
pine. Material old enough to bear cones 
was used more intensively than the young 
sappy growth.
Three different degrees of use in Douglas 
fir. Reason for this use pattern was not 
detected.
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crltical condition. During the last weighing she became 
very stubborn and created quite a problem when being moved 
out of the pen* As both of these animals lost condition 
throughout the study, they became stubborn and much bolder. 
This was Illustrated by their refusal to remain behind the 
suspended canvas while being fed their daily ration of 
lodgepole pine.
There was a definite preference shown for certain types 
of lodgepole pine (Plate IX). The pine that was old enough 
to bear cones was preferred over the young, sappy material 
too young to bear cones. The effect the lichen, Alectoria. 
had on this was not tested to any great extent. On one oc­
casion the lichen was removed from the branches, but they 
still ate greater quantities of the older pine* The palat­
ability of this lichen must have been quite high, because the 
animals would go through and remove all the lichen with their 
tongues before eating any great portion of the conifers.
The average consumption per day per hundredweight during 
the free-choice-of-feed period was as follows: meadow hay,
2.0 pounds; willow, .20 of a pound; Douglas fir, .27 of a 
pound; .08 of a pound of serviceberry and only a trace of 
lodgepole pine. The total consumption of lodgepole pine 
for the entire 12 days amountea to #5 of a pound. See 
figure 1 for details of feed intake during this period.
The diet or high loss in condition did not have any
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apparent adverse effect on the animals’ ability to produce 
calves*
Results with 100% Douglas Fir
This diet» like the previous one, was considered to be 
of low nutritive quality* Both of the animals adjusted quite
rapidly to the penned environment, and as a result feed in­
take was high during the adjustment period* These two animals 
were selected for this low quality diet because of their high 
degree of adjustment*
The average daily feed intake per hundredweight amounted
to 2.03 pounds for 37 days. There appeared to be quite a
difference in the loss of body weight by these two animals.
One animal lost 46 pounds of foody weight and the other 86 
pounds* bee table 2 for a detailed tabulation of this data. 
The animal that lost 86 pounds of weight appeared to be in 
critical condition, and during the last weighing she became 
very stubborn. The water consumption by these animals was 
low.
The animal that lost such a great amount of weight never 
did appear to regain or improve her original condition while 
she was in the pens. She was kept three and one-half months 
after the feeding trials, but stilJ did not appear to foe in 
as good condition as the other animals.
When given a free-choice-of-feeds, they consumed the 
following amounts daily per hundredweight: meadow hay, 1.34
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pounds; lodgepole pine, .45 of a pound; willow, .20 of a 
pound, and a trace of Douglas fir and serviceberry. See 
figure 1 for details of feed intake during this period.
The animal that lost 06 pounds of weight failed to pro­
duce a calf, while the other animal was successful in her
calving. It was assumed the failure may have been due to
some cause other than the diet.
Results with 509b Dodge pole Pine and 50$ Douglas Fir
This diet was setup primarily to get a preference rating 
of the two conifers. The average dally consumption per hun­
dredweight for 37 days was 1.79 pounds. One of the animals 
lost 49 pounds of body weight and the other lost 51 pounds. 
See table 2 for a detailed tabulation of this data. Neither 
of these losses appeared to have much effect on either of the 
animals. Their weight losses were gradual, but the loss was 
greater at each of the subsequent weighings. See figure 2b 
for details of the losses for each diet. The drop-off in 
the daily intake of this feed was not as great as it was in 
the 100$ single conifer diets. These animals almost always 
consumed their entire amount of water.
Both of these animals were very good experimental ani­
mals, and handled easily during weighing and never presented 
any real problem.
During the free-choice period the average daily intake 
of feed per hundredweight were as follows: meadow hay, 2.22
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pounds; willow* .14 of a pound* and traces of serviceberry* 
lodgepole pine and Douglas fir. See figure 1 for details of 
feed intake during this period.
One of the animals produced a healthy, normal calf, and 
the other animal died while giving birth to her calf. The 
partly emerged fetus was also dead. The fetus was examined 
and appeared to be normal.
Table 2$ k raonaiy of the results of the stu^
Diets KUtCode
Number
Days
on
Diet
Initial
Wei#&t
Terminal
Weight
Daüy Feed Intake
Per Per 100 
Cow Pounds 
Body Wti
Are. Gain 
or Loss 
in Wt.
»
Calved
lbs. lbs. lbs. lbs. IW. %
100% Jkdadm Hay 2 42 524 530 12.58 2.40 6 1 yes
66% Meadow Hay 
and Lodgepole fine
17
21
37
37
316
526
313
528
6.60
10.99 2.09
-3
2
-1
0
*
yes
66% Meadow Hay 
and Douglas Fir 3 2& 470** 485 13#99 2.97 15 3 yes
33% i^dow Hay 
and Lodgepole Pine
13
U
37
37
452
414
03
412
11.53
10.56 2.55
-9
—2
••2
0
yes
yes
33% Meadow Hay 
and Douglas Fir 12 37 411 400 7.36 1.79 - n -3 yea
100% Lodgepole 
Fine
7
Ô
37
37
500
466
387
363
7.60
7.08 1.52
-U3
-103
-23
-22
yes
yes
10Q% Douglas 
Fir
9
10
37
37
482
450
436
364
9.78
9.14 2.03
-4 6
••86
-10
-19
yes
no
50% Douglas Fir 
50% Lodgepole Pine
5
6
37
37
423508
374
457
7.57
9.09 1.79
-49
-51
-12
-10
yes***
100% Deciduous 
Browse 4 26 471 415 7.96 1.69 —56 -12 yea
IUt
** Animal came off of a 100$ âeelductts diet which she had been on for 10 days and 
lost 32 pounds of body weight
*** Cow died while giving birth to her wlf
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Figure 4 The average daily consumption of the different diets and average 
gain or loss in body weight during the study.
FEED PREFERENCES
The most palatable feed In the study was meadow hay, 
and was preferred by the animals at all times.
The meadow hay, when Included in the diet, was fully 
consumed before the other feeds in the trial were utilized 
to any great extent. In general, the animals with greater 
proportions of hay responded better to their diets (See 
figure k) * Also, when the feeds were presented on a free- 
choice basis, they ate far greater proportions of hay than 
all the other feeds combined (See figure 1).
Willow, of the deciduous species, was preferred over 
serviceberry. When willow and serviceberry were fed in 
equal amounts, the willow was eaten down to a diameter of 
one-quarter inch wood, while the serviceberry was browsed 
lightly. When willow was fed in large amounts the service­
berry was browsed in even smaller amounts, sometimes only 
a few twigs were taken. During a three week period the ani­
mals consumed 186 pounds of willow and 73 pounds of service­
berry.
The two conifers were tested for palatability ratings 
in a diet consisting of 50% lodgepole pine and $0% Douglas 
fir. Douglas fir made up kV% of the feed intake and lodge­
pole pine made up the remainder, or 39^.
Immediately following the feeding trials, the animals
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wera presented with all the feeds used in the study. These 
feeds, except willow, were presented to the animals on an 
unlimited basis. They were fed all the meadow hay, service­
berry, lodgepole pine, and Douglas fir they wanted to eat 
for a 12 day period. See figure 1 for details on the feed 
intake for this period. The animals were not weighed after 
this set of trials.
The records show that meadow hay was continuously high 
in the 13 animals* daily feed intake. % e  two pens origin­
ally containing the animals on 100^ single conifer diets were 
the only animals that did not eat more than 2.0 pounds of 
hay daily per hundredweight.
The total consumption by 14 animals during the 12 day 
period was as follows: meadow hay, 1613 pounds; lodgepole 
pine, 117 pounds; willow, 112 pounds; Douglas fir, 87 pounds 
and serviceberry, 26 pounds. All feed Intake is in terms of 
air-dry-weights. It may be noted that while willow was lim­
ited in supply during this period, it was not heavily browsed. 
Consequently, it can be assumed that it was more or less on 
an equal availability basis along with the other feeds.
One consistent relationship in the evaluation of the 
feeds during the 12 day period was the influence of the browse 
during the 37 day feeding trials. In almost every diet the 
previous browse that was fed to the animals influenced the 
selection of the browse during the 12 day period. If the ani­
mals had been on a 100% lodgepole pine diet, they consumed
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very little lodgepole pine during the free-choice period {See 
figure 1),
The animale that were on the 100^ conifer trials were 
eating small amounts toward the end of the 37 days, and when 
they were presented with all the feeds they increased their 
daily feed intake gradually. An example to illustrate this 
gradual build-up: The two animals on the 100% lodgepole pine 
diet ate a total of 18 pounds of feed on the first day, and 
on the 12th and last day consumed a total of 37 pounds.
The Relative Digestibility of the Feeds
The relative digestibility of the feeds were calculated 
by the use of the lignin values for the feeds and feces.
But when the lignin index ratio method is used for obtaining 
the relative digestibility, the expected order of digest­
ibility is not attained. An attempt was made to see what 
relationship existed between percent of digestibility, feed 
intake and animal response, and is shown in table 3#
The lignin values for both the feed and the feces were 
determined by the Agricultural Experiment Station at Bozeman, 
Montana. The writer also ran lignin tests on the feces using 
the method described by Ellis, Matrone and Maynard (1946).
See the appendix for details of the method. The two sets of 
feces lignin values differ somewhat from each other and the 
differences are shown in table 4# This may indicate differ­
ences in the methods employed by the two analysts.
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The digestibility percents of the feeds not being in 
the expected order of digestibility may indicate that the 
animals possess varying abilities to digest different feeds, 
or as indicated by McCullough (1955), when feeds are fed in 
combinations they are more efficiently digested than when 
they are fed separately*
When the lignin in the diets is compared with the body 
weight gain or loss there appears to be a relationship be­
tween the percentage of lignin in the diet and the body 
weight gained or lost during the course of the study. Table 
5 illustrates this relationship.
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Table 3. The relationship between percent digest* 
of feed, the feed intake and animal re­
sponse during the study.
DIET Percentof
Digestibility
Feed Intake
Per 100 
Pounds of 
Body Weight
Animal Resonse 
in Pounds 
Gained or Lost
% lbs. lbs.
66{6 Meadow Hay 
and Douglas Fir 5a 2.97 15
lOOÿ 
Douglas Fir 56 ^ 2.03 *66
100$ 
Meadow Hay 56 2,40 6
33$ Meadow Hay 
and Lodgepole 53 2.55 -5.5
50$ Lodgepole Pine 
50$ Douglas Fir 52 1,79 -50
100$ 
Lodgepole Pine 4a 1.52 -loa
66$ Meadow Hay 
and Lodgepole 39 2.09 -1
100$ 
Deciduous Browse 31 1.69 -56
33$ Meadow Hay 
and Douglas Fir 17 1,79 -11
Table 4# Results of chemical analysis of lignin con­
tent in feces* Tests conducted by two dif­
ferent analysts*
DIETS Results from Ag. Exp. Sta,
Results from Tests 
Run by Writer
lOOjt 
Meadow Hay
%
21.a
%
16.7
66ÿ Meadow Hay 
and Lodgepole Pine 25.1 20.7
66^ Meadow Hay 
and Douglas Fir 29.9 25.9
33Jt Meadow Hay 
and Lodgepole Pine 33.1 29.9
335̂  Meadow Hay 
and Douglas Fir 31.9 29.9
100# 
Lodgepole Fine 33.6 35.3
100# 
Douglas Fir 36.3 35.7
50# Lodgepole Pine 
50# Douglas Fir 35.1 36.5
100# 
Deciduous Browse 32.9 32.5
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Table 5* The relationship between the lignin content 
in the diet and the response by the animals
DIET
Average
Gain
or
Loss
Average
Origàial
Weight
Lignin
Content
lbs. lbs.
lOOj 
Meadow Hay 6 524 low
66% Meadow Hay 
and Lodgepole ~1 422 Moderate
66% Meadow Hay 
and Douglas Fir 15 470 moderate
33^ Meadow Hay 
and Lodgepole -5.5 433 high
33^ Meadow Hay 
and Douglas Fir .11 411 high
100# 
Lodgepole Pine .100 403 very high
100# 
Douglas Fir .66 466 very high
50# Lodgepole Pine 50# Douglas Fir -50 465 very high
100#
Deciduous Browse .56 471 very high
CALVING SUCCESS
A study by MacDonald (194&) and reports from ranchers 
point out the possible adverse effects that can be produced 
by conifers when it is consumed by pregnant cattle. The 
possibility that these two conifers may also affect elk 
reproduction was also studied.
The experimental animals were kept until June 15th when 
a count showed that three cows had still failed to calf. In 
order to get a better and closer check, all the adult animals 
were driven individually into the scale box and their udders 
were closely examined. Nine animals showed signs of calf 
nursing, two showed definite udder enlargements, and one did 
not show either of the two signs.
The original plan was to sacrifice all the animals that 
failed to produce a calf, and make an ovarian analysis. The 
analysis would help to indicate whether the diet was respon­
sible for the animals* failure to calf, but with the calving 
success so high, it was considered unnecessary to make the 
analysis.
One of the cows on the 50Ĵ  lodgepole pine and 50^ Douglas 
fir diet died while giving birth to her calf. The dead calf, 
from external appearances, seemed to be normal, and the mother 
was in good flesh. It was assumed that like domestic cattle, 
wild ruminants do take some loss of adult females during 
calf birth.
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The results of the study indicate that lodgepole pine 
or Douglas fir do not have any effect on calving if con­
sumed at the particular time used in the study.
MISCELLANEOUS
ÂBâsal
There appeared to be a general relationship in the ani­
mal'# ability to adjust to the pens and the animal*» age. 
Generally* it took longer for the older cows to adjust to the 
pens. One of the younger cows* judged to be approximately 
one and one-half years old* became acclimated very early in 
the study. Also, two young calves* kept for visitor display* 
became accustomed to the pens early In the study.
As the study progressed and the animals became accus­
tomed to the routine of the day* they became much quieter 
and were not as disturbed during routine chores at feeding 
time. They also became very disturbed when personnel unfa­
miliar to the activities of the study visited the pens.
The animals that lost large amounts of body weight dur­
ing the course of the study became increasingly difficult to 
handle during weighing. This was illustrated by the animals 
on the 100$ conifer diets. They were easy to handle during 
the first weighing* but at the last weighing they became 
very stubborn and defiant. In a situation such as this, the 
best method* and usually the fastest* was to let the animals 
take their time in getting out of the pen and into the lane. 
Once they were in the lane* they were much easier to handle,
A grinding action with their mouths* striking out with their 
front feet and barking were all familiar reactions to expect
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when they became highly disturbed* These reactions were not 
characteristic of the two calves*
The animals were much quieter when there was very little 
activity I or when they were unable to see the activity around 
the pens* The canvas hung along the front of their overhead 
shelters averted a large portion of the activity around the 
pens*
The behavior toward the more palatable feed (meadow hay) 
was the same as one would expect in domestic cattle* They 
eagerly awaited their ration of hay, and those animals that 
received no hay would pace along the pen rails while the hay 
was being fed in the adjoining pens*
Toward the end of the study the animals "gnawed* and 
stripped the bark off the pen rails* The animals on the 
lower quality diets completely stripped the bark off the 
rails (Plate X)*
Animal Injury and Mortality
In a study of this design, one has to expect animal 
injury and sometimes animal loss* The animals brought out 
of the wild and confined to a closure have little regard for 
the high rail fences. If the animal is excited, it nays no 
heed to the stout rail fence and bangs into it with bruising 
force* The force is sometimes so great that it results in a 
broken leg or shoulder, and sometimes a broken neck* k few 
precautions and the use of some common sense while handling
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th# anlndXs can save an animal and a lot# of unnecessary work#
The injuries and mortality in this study were considered 
to have been kept at a minimum, because of the use of tech­
niques acquired in former years# Basically, it Involves not 
getting the animals unduly excited and keeping them in as 
confined position as possible when handling them#
The injuries consisted of a few skinned and bruised 
noses and shoulders of the more excitable animals# Most of 
these were caused by cutting corners too closely, or by run­
ning into the side of the pen# Most of the mortality came 
before the actual trials had begun# One animal broke its 
shoulder and another its neck# Another animal infected with 
foot-rot broke its leg immediately in the infected area#
Foot-rot is a menace in a study of this type# Anytime 
an animal contracted this fungus infection it was useless to 
keep the animal in the study, because the information secured 
was not reliable# The infected animals lost appetites and 
declined in vigor and appearance#
Miscellaneous Observations
During the adjustment period all the animals were pre­
sented with whole and crushed steer fattener pellets, con­
taining 15^ protein. Neither of these forms of pellets were 
eaten# After this refusal no other attempt was made to get 
the animals to take this concentrate until an animal became 
infected with foot-rot# The pellets again were presented in
both forms I but still the animal refused to eat any portion 
of them# Hew pellets were crushed and salted, and again 
given to the animal. There was an immediate response with 
the animal eating the entire one and one-half pounds# After 
a few days the pellets were presented whole and without salt, 
but she still continued to eat them# The entire amount was 
consumed before any portion of the meadow hay was eaten#
Toward the end of the study she was given four pounds 
of concentrates for two days, followed by eight pounds the 
next day# On the fourth day she was given eleven pounds of 
the concentrates, and consumed the entire amount without any 
apparent ill effects#
The same animal was also subjected to a daily defecation 
count# The count lasted for eight days and averaged out to 
nine defecations per day. The number of defecations ranged 
from a maximum of eleven to a minimum of seven per day. The 
animales feed consumption for these eight days averaged 0,1 
pounds of meadow hay per day# The weight of the animal was 
not definitely known during this period#
Reactions to Weather
The weather during the study ranged from several days of 
rain to some extremely cold temperatures# The rains, except 
for making the ground slippery vdien it froze, did not have 
any apparent effect upon the animals#
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The animals did not seem to mind the moderate cold 
temperatures, but when the temperature dropped to 
the cows on the 100% conifer diets had to be chased out of 
their shelters. The amount of movement about the pens 
appeared to be lessened on the colder mornings.
They, like many other animals, seemed to enjoy the direct 
sunlight. On the bright sunny days, instead of going under 
the shelters, they would lie down toward the middle of the 
pen.
An attempt to correlate the daily feed intake with the 
daily mean temperatures is show graphically in figure 3a-g.
The relationship is not continuous, because during the more 
moderate temperatures there is an occasional reverse in ani­
mal response. During the period when the temoerature was 
the lowest the feed intake was very high in most of the diets. 
The opposite was almost reached for the highest temperature, 
when feed intake reached a comparative low for the study.
The part humidity and wind velocities play on feed intake 
was not measured.
The following table attempts to bring out the part the 
quality of the diet has in determining feed intake on days 
of varying temperatures. Generally, the lower the quality 
of the diet, the better the relationship between temperatures 
and feed intake.
—67-
Table 6. The relationship of diet quality and 
temperature on feed intake.
DIET
Daily 
Average 
Feed 
Intake 
Per Cow 
During 
Study
Weight 
Loss or 
Gain 
During 
Study
Aye. Feed 
Intake 
Wien Temp, 
was Above 
Study Mean 
Temp, of 
4&F.
Ave. Feed 
Intake 
when Temp, 
was Below 
Study Mean 
Temp, of 
4*F.
lbs. lbs. lbs. lbs.
lOOfL 
Meadow Hay 12.53 6 12.59 12.57
66% Meadow Hay 
and Lodgepole 3.30 -1 3.90 3,60
66^ Meadow Hay 
and Douglas Fir 13.99 15 14.49 13.50
33^ Meadow Hay 
and Lodgepole 11,04 -5.5 9.96 12.12
33% Meadow Hay 
and Douglas Fir 7.36 -11 6.32 7.90
100% 
Lodgepole Pine 7.34 -103 7.03 7.65
100% 
Douglas Fir 9.46 -66 3.35 10.57
50% Lodgepole Pine  ̂
50% Douglas Fir -50 7.69 3.97
100% 
Deciduous Browse 7.96 «56 3.33 7.59
SOMMÀRY
During the winter of 1955-56 a controlled elk feeding 
study was undertaken to obtain information on conifer browse 
consumption by elk. The main objectives were to secure con­
sumption rates, obtain weight responses and learn the calving 
success of elk on diets containing Douglas fir and lodgepole 
pine.
The experimental elk were trapped in Yellowstone National 
Park and trucked to the pens. On arrival they were checked 
for age, sex and health. The healthy females between the 
ages of three and seven years old went through an adjustment 
period, and then were exposed to diets of varying proportions 
of Douglas fir and lodgepole pine and two control diets of 
meadow hay and deciduous browse. One of the control diets 
was made up of lOOÿ meadow hay and the other of willow and 
serviceberry.
The diets were used on paired animals unless otherwise 
indicated. The meadow hay percentage in each diet was based 
on the percentage of an estimated maintenance diet of 2,2 
pounds of meadow hay per 100 pounds of body weight. This 
estimate was based on studies on elk in previous years con­
ducted at these same pens. All the browse species were pre­
sented ad libitum. The diets, daily consumption rates per 
100 pounds of body weight, and weight responses for the en­
tire period were as follows:
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Facing 69
Plate X - One of the animals stripping the bark off 
the pen rails.
Plate XI - One of the animals taking its daily ration 
of water. Most of the water was consumed 
right after the pan was filled.
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1. On# hundred percent meadow hay * 2 $40 pounds and 
gained six pounds.
2. Sixty-six percent meadow hay and lodgepole pine - 
2,09 pounds and two animals totaled a loss of one 
pound•
3. Sixty-six percent meadow hay and Douglas fir - 
2.97 pounds and the cow gained 13 pounds.
4* Thirty-three percent meadow hay and lodgepole pine - 
2.33 pounds and two cows totaled a loss of 11 pounds.
5. Thirty-three percent meadow hay and Douglas fir - 
1.79 pounds and the cow lost 11 pounds.
6. One hundred percent lodgepole pine - 1.32 pounds and
two cows totaled a loss of 216 pounds.
7. One hundred percent Douglas fir - 2.03 pounds and 
two cows totaled a loss of 132 pounds.
Ô. fifty percent lodgepole pine and fifty percent
Douglas fir - 1.79 pounds and two cows totaled a
loss of 100 pounds.
9. One hundred percent deciduous browse - 1.69 pounds 
and the cow lost 36 pounds.
In the use of lodgepole pine a decided preference was 
shown for the cone bearing branches over the younger and 
sappier material. There was also some selection shown for 
the different bundles of Douglas fir, but the basis of this 
could not be detected (Plate IX).
Immediately following the specific feeding trials men­
tioned above, the animals were presented the feeds on a free- 
choice basis.
Meadow hay made up the greater portion of the animals 
diets during this period. Lodgepole pine was consumed in 
larger amounts than any of the other browse species. It was
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followed closely by willow, which may have been eaten in 
larger quantities had it been given to the animal in greater 
portions. It may be noted that the willow was not Intensively 
browsed even though it was presented in somewhat of a limited 
quantity to the animals. Douglas fir and serviceberry were 
used the least of all the feeds.
With the exception of two animals, all the animals pro- 
duced live and healthy calves, or had udder enlargements when 
they were released. One of the two animals did not produce 
any calf and the other died while giving birth to her calf.
The lignin index method was used to calculate the rela­
tive digestibility of the different feeds, but the expected 
order of digestibility is not attained. See table 3 for 
tabulation of the results.
CONCLUSIONS
In this controlled elk nutrition study the experimental 
animals were in good health and adjusted to their new envi­
ronment . A high feed Intake rate by the animals is a good 
indicator;^of animal adjustment.
Meadow hay was the most preferred feed in the study, and 
appeared to contain the highest nutritive value.
The study indicated that the conifers do contain a cer­
tain amount of nutritive value in that the animals that 
maintained their daily feed intake did not lose a significant 
amount of body weight. See figure 2a and 2b for a detailed 
account of feed intake and body weight gains and losses.
In this study, the animals that received more than one 
species of feed in their diet maintained their weight and 
condition better than those animals on a single species 
diet.
Most of the diets showed a definite relation between 
temperature and feed intake insofar as extreme high tempera­
tures were correlated with low feed intake, and extreme low 
temperatures were correlated with a high feed intake,^ At 
intermediate temperatures there was no clear cut correlation 
with feed intake. The animals on the poor diets of conifer 
show a greater relationship between feed intake and tempera­
tures above and below the study mean temperature^ than do
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the diets of a better quality. See table 6 for a tabulation 
of this relationship.
A few of the diets used in the study apparently were 
deficient in the amount of nutrients required to maintain 
the normal functioning of the animal. These low nutritional 
diets had to be off-set by a high daily feed intake in order 
that the animal not lose a significant amount of body weight.
This study does not substantiate the theory that all 
conifers affect the reproduction of elk. Out of a total of 
13 animals I 9 produced live and healthy calves, two had 
enlarged udders, one cow died while giving birth to her calf, 
and one animal did not reproduce a calf. Whether the two 
failures were due to the diets was not determined.
The results obtained on the percentage of digestibility 
of the feeds by the lignin index method was not as consistent 
with the feed intake data or animal response as one might 
expect. This may be due to the inadequacy of this method 
when applied to feeds used in this study, or other factors 
may have affected the results but were not taken into account. 
A relationship does exist between the amount of lignin in the 
diet and animal response. Those diets with a high lignin 
content resulted in a higher weight loss, and those diets 
with a low lignin content resulted in smaller weight losses.
It may be noted that the information obtained in this 
study is from a relatively small sample. The nature of this
-74-
type of study limits the number of trials that can be run at 
one timeI but in general the data does indicate that these 
animals can tolerate some very adverse conditions and still 
maintain their ability to produce calves.
APPENDIX
Detailed Description of the Lignin Determination Method after 
Exile» Matrone and Maynard» 1946
Weigh one gram of air dried material ground to pass a 40 
mesh screen into a coarse porosity alundum extraction thimble 
and extract the sample with an ethanol-benzene mixture (32 
parts 95 per cent ethanol to 63 parts by weight of benzene) 
for 4 hours# Then with the aid of suction wash the sample in 
the thimble with two small portions of 95 per cent ethanol fol­
lowed by two small portions of ether# Heat at 45°C# in a non­
sparking oven to drive off all ether and transfer the sample 
to a 50 ml, glass-stoppered Erlenmeyer flask# Add 40 ml# of 
1 per cent pepsin (U#S.P, grade) in 0#1 N HCl and incubate at 
40^0# overnight » shaking the flask a few times during the 
first hour to insure a thorough mixing# The next morning 
transfer the residue to a 250 ml. wide-mouth Erlenmeyer flask 
with the aid of a stream of hot distilled water. Filter/l. 
add 20 to 30 ml. of hot water,and again filter# Wash the
-̂ r Filtration is carried out with fïïte i ^ t k  usually
referred to as an immersion tube with fritted glass disk by 
most supply houses# The authors use a pyrex, 30 mm. diameter, 
medium porosity type# A row of 12 filter sticks for simult­
aneous use is set up using six student model, double burette 
holders. An 13 cm# length of 10 sun# glass tubing fitted with 
a 5 cm. side arm near the upper end, projecting at an upward 
angle, fits into the burette clamp and is connected to the 
vacuum line at the top by rubber tubing and joined at the bot­
tom with a short section of rubber tubing to the filter stick# 
The purpose of the side arm is to facillitate the introduction 
of liquids into the inside of the filter stick for thorough 
washing off of solids from the fritted disk. Since the authors 
have found that about one-third of the filter sticks as pur­
chased are unsatisfactory, it is advisable to purchase more
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iX residue la this manner three times. After the last fil­
tration* force 7 to Ô ml. of 5 per cent (by weight) HgSO^ 
solution downward through the filter stick with the aid of 
air pressure, thus washing the residue from the stick into 
the flask. Wash the stick further with 5 per cent and
add a sufficient volume to bring the total to approximately 
150 ml. After refluxing/2 for one hour, the acid is filtered 
off. Wash the residue three times with 20 to 30 ml. portions 
of hot distilled water, twice with 15 to 20 portions of 95 
per cent ethanol, and twice with 15 ml. portions of ether. 
After the final ether washing, leave the vacuum on a few 
minutes to dry the residue. By tapping and brushing remove 
the residue from the filter stick leaving it in the same 
flask. Evaporate residual ether in oven at 43*C. Some imma­
ture plant materials dry from ether into disks difficult to 
break up into finely divided state. In these cases wash 
down the filter stick with ether and disperse the residue in 
the ether before evaporating it on a steam bath. To the 
residue add 20 ml. of 72 per cent HgSO^ (by weight) at 20®C. 
for 2 hours with occasional stirring. Then add 125 ml. of 
water, filter, wash once with a 15 to 20 ml. portion of hot
1 than needed and discard those that do not filter well, 
e filter sticks are coated with pre-ashed diatonaceous 
earth (hylo Supercel, Johns-Manville, N. W.) by suspending 
some in water and sucking on a thin layer vacuum. This usual­
ly is sufficient for easy filtration; if not, extra Supercel 
added to the residue being filtered will often help.
/2 An ASTM extraction apparatus is used for all refluxing 
operations.
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water and again filter. Wash residue from the filter stick 
as before with a 3 per cent H2SO4 making the volume to I50 
ml, and reflux 2 hours. Filter the residue into a Gooch or 
an alundum crucible and wash the residue with hot distilled 
water until free of acid* Dry at 105^0* to llO^G, and deter* 
mine lignin by loss of weight on lignition at 600^0,
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